This work involves the study of torsional fatigue in carbon fiber/epoxy strands by measuring the decay in strand shear modulus as a function of the number of cycles of torsional loading. Strand residual strength is also reported.
Introduction
Carbon fiber composites, especially those used in transportation and sporting goods applications, are often subjected to axial torsion. This torsion can create sufficiently high surface shear tractions to cause interfacial debonding between the fibers and the matrix, and lead to severe deterioration of mechanical properties. While fatigue under axial loading [1, 2] and bending [2] are often reported, there are comparatively fewer studies of fatigue under pure torsion.
Experimental
For this study, PAN-based carbon fibers (AS4, Hercules, Inc.) were used. The fibers were supplied in the form of a 3k fiber tow. A DGEBA-based epoxy (DER 331, Dow Chemical Co.) and a TEPA hardener (DEH 26, Dow Chemical Co.) were used to create strands 0.75 mm in diameter, having a fiber volume fraction of 0.3. The strands were cured at 21°C for a minimum of 48 h prior to testing.
The strands were tested using a specially designed torsional fatigue tester with an attached load cell [4] , schematically illustrated in Figure I . The strand gauge length was 5 mm and the twist applied to the moving end was ±0.48 rad. The test fixture operated at a frequency of 2 Hz.
By knowing the length ofthe lever arm connected between the grip and the load cell the torsional moment, T. Can be determined. The surface shear stress t can thus be determined as
where r is the strand radius and J the polar moment of inertia ( = 0.5m 4 , for circular strands). The shear modulus, G, is found using G = T/y (2) where y is the shear strain. The principal mechanism leading to the decrease in modulus was longitudinal cracking and the debonding of the fibers from the matrix. Figure 3 is a photomicrograph showing these phenomena in a specimen.
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In Table I are presented the data for residual tensile strength as a function of the number of torsional cycles. It is seen that there is very little loss in residual tensile strength, further reinforcing the observation that the primary loss in shear modulus is due to interface failure. 
